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(57) Abstract: 

PURPOSE: To provide a high tensile strength steel sheet 
combining sufficiently excellent strength, ductility, 
weldability and bore expandability and showing good 
workability. 

CONSTITUTION: Steel contg. 0.05 to 0.25% C, >0.05 to 
1.0% Si, 0.8 to 2.5% Mn and 0.8 to 2.5% sol. A! or 
furthermore contg. specified amounts of one or more 
kinds among Ca, Zr, rare earth elements, Nb, Ti and V is 
held under heating to the Ac 3 point or above, is 



subjected to hot rolling, is completed with finish 
annealing at 780 to 840°C, is thereafter subjected to 
accelerated cooling and is coiled or is completed with 
finish rolling at 780 to 940°C, is subjected to accelerated 
cooling to the temp, range of 600 to 700°C at 3 10°C/s 
cooling rate, is subjected to air cooling in the above 
temp, range for 2 to 10sec, is furthermore subjected to 
accelerated cooling to 300 to 450°C at 220°C/sec 
cooling rate and is coiled, by which the hot rolled 
steel sheet having a structure essentially consisting of 
polygonal ferrite contg., by volume, 3 5% retained 
austenite can be obtd. 
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(57) [Sft] 

So 

[fllfiK] C : 0.05 - 0.25%, Si : 0.05i@-1.0%, Mn: 
0.8- 2.5%, sol.AI :0.8 - 2. 5%£"g-tr#\ j£v*f± 
55l-#^iOCa, Zr, *±Mtc^, Nb, Ti, VCD1«W. 
-t * & 4 «l * , Acs jftJBLh CtDiftfita LT*f>«i 
WEeSrtfv*, 7 8 0-8 4 0Wft±Ei*»7U 
f£l 0-5 OtysOJ^SliSKlZT 3 0 0-4 5 0t;it 
floats* 314 tf\ iSv>(±ft±l±5££ 7 8 0 - 9 4 
Ott'^TLT 1 0'C/sJ-J.±coit±PjS*{;T6 0 0-7 
0 0"C<9iBK&iT-iDiil$iPU -e<OfiS«T'2~10& 
ra^LT^t>Ktc2 0*C/stl±O^iSJSl-T3 0 0 

-45 ox:i-^tm^Lm^Mi>^ tiza »k 

5 4 b±fcOift|ft*ffLfc!!M£»IS*»4o 
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t 

1 

C : 0.05-0.25%, Si : 0.05®- 1.0%, Mn: 
0.8- 2.5%, sol.AI :0.8~ 2.5% 

MB** 2] Mffl#Ct 

C : 0.05-0.25%, Si : 0.05®- 1.0%, Mn: 
0.8- 2.5%, sol.AI :0.8- 2.5% 

3EK 

Ca : 0.0002-0.01%, Zr : 0.01-0.10%, f±ix 

£ : 0.01-0.10% 

C : 0.05-0.25%, Si : 0.05jg- 1.0%, Mn: 
0.8- 2.5%, sol.AI :0.8- 2.5% 

M»= 

Nb : 0.005-0.10%, Ti : 0.005-0.10%, v: 
0.005-0. 20% 

w^moxhn^ a»o#»^5%JsuiofSS*-*T- 

C : 0.05- 0.25%, Si : 0.05®- 1.0%, Mn: 
0.8- 2.5%, sol.AI :0.8- 2.5% 

SI- 

Ca : 0.0002 -0.01%, Zr : 0.01-0.10%, ft±m7C 

% : 0.01-0.10% 

<r> l mx±.. afctnc 

Nb : 0.005-0.10%, Ti : 0.005-0.10%, v: 

0.005-0.20% 

<r> i ami* *>#*-f k^ua^jft^TWeao^Rra 

ttoT-Wtoxh ij , ^o-f$f»ip-c 5 %J£LL<o5$@* - * T 

[»*JR 5 ] ff$Jg 1 4 <7>W*v^lCfB*0^a 

*u««*itfciltAc»jftttJtuJni}«!ifSi**Lr*»*bJ»w 

HM^ffvv 7 8 0-8 4 0 < Ctft±EM»7Lt 
1 0-5 0TVscO<$-*Pj$JgK-C3 0 0-4 5 0"Ci 



(2) 5- 1 1 2 8 4 6 

2 

IW*«6] »**l»M4 0Wit*»tc|B<ftO«5Wi. 
ftU»ft$ii^tl*Ae3jftJa±»-*D»l««PLT^<f>«ilBI 
EE5££firv\ 7 8 0-9 4 OtfftlffiMUTLfc 

ft, i ox;/$&±<oi§&mm~-c 6 o o - 7 0 o'cos. 
S*t-e4n*tf3iU *oi&J£«i-C2~ 1 o&H^L 

70 t75't.Ii:2 Or/sWXO^iP&JKUT 3 0 0-4 5 0 

[0 0 0 1 ] 
[0 0 0 2] 

[0 0 0 3] tc^tN il*j-»(cisv»rii-«:t:5*K«r 
lijns-erikJnittttfiTi-***, j*aK t *sett#w 

30 iLtZmttb LT«xtf«WB5 5-4 4 5 5 l^&Wi 
l-fBIR$ttTV>-5 <t 9 iDPi (Dual Phased) ^6 

h] «>2*i&«fP|-c*»K WffclfcjJ'flKgtt^v^fc 
S:#ftt LTV>S^ -f-ft-Ct 6 0*nj&/W-r>(TS: 
60kgf/mn 2 )T-#O ! '(EI)^3 0 %, ITSXEIJ <7>«^2 
0 0 0*rS, Jfc8 0 *nj&/W^>(TS:80kgf/imt 2 )T- 
#^'75^2 0%, TTSXEIJ 0-(t34 ? 2 0 0 0*Slkv^ 

40 [0004] — 2r, ctttagijtc, tt*^iS^JS»«<7) 

KOTRIP (g?SSfiN5ffltt) Sr^Jffli-S^SJ 
S*ITH4 («x.Jf4*HH5 5 - 1 4 5 1 2 1 -5§-£rffi# 
JH) o -e-LT, CO^t;J:^lf?l5S3fi§(TS) : 110 
kgf/itm 2 J2Lh, #tF : 2 2%J£LL*^U [TSXEIJ <T> 

m*2 400 *i8-r*ffitt*aiKii*o«jt*«Trr«6'r* 

0.40- 0.85% J&55-#J'S-£5<-f%t±mfi%fc-f 
50 (±»»tt»«)j*-C*»), HtWH§B«i LroaffltSH 
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3 

(iftv^OT-ifcofto 
[0 0 0 5] ftfc. iv^Cttl^TT-Sgt-Xft 

* h**«LT*Uil[j£te*****S:fc LT, C:0.2 
%, SiM.5%, Uh:i.5%«r*#Lfc**iHWffSL, A 
rjj&j£#-Ctt±EH«rfTort:&, 4 0/sJ&LhO«rt|l«lK 

£tiTv>£ (#^Bg6 3 -4 0 1 7 -SO 0 Lj5»U CI 05 

ootnittoMftJWJoio-c** "^tetftr (*efc 
ofc. fet, #0*7 9 3 *l4 J: dft»fl 

[0006] :oiTict)j>t), 2fcf&f$ # ? § 6ti t L 

[0 0 0 7] 

I PSft**flJffl-t-4U+#fc*" Mt-XT + 'i 

£ &®14&1£ *SS*ill«0*3ro ffclt £ **!>-Ctt* 

[0 0 0 8] a) SUi&cm.WX-n , g*-Xf-j-'< h £ 

t?*»), i*V(Zj:o-rffi*i.^5l56^$(TS) •#U r (EI)/< 
[0 0 0 9] b) &3£WSiy£MSa*-7.-rf-^ h9ft 

<oo5^tietfKii-eiiDPj||**o^a:^L35»»feii4 

B#i::«J£T-£.5>>r t c 
[0 0 10] c) Lfri>, AH* 7* 9 4 h3e3frffc5c*-? 

t?*a t^^cjtv^^, a*0>Aiasto*fr ? t* 3-^- 
*±» »2«*«*s»-»=»iRSiir^a:tfttwWJiU4* 

%X*>Z>Z to 
[0 0 1 1] d) tfc, ±EAI*tn»a*-X7 L 7->f h 

Mi§i?g*»T-(±, sta^si t, Kmm<r> 

* L^£it*m < C t ft < S;&jK£ii*S-tt* £ t aWft 

x-hzzt* 
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4 

mm., Mmmn^^-xf-i-^ vmis&jjmmz-o^x 

(Dm&tttitLXTFZtiX^Zo ZZX\ 5l»4*teliJ 
I S 5-«Ma*fi-*ttfflU 7tffi;tf^l-OV>T(i 2.6nmX 
1 2 OitmX 1 2 OiimO^frd 1 4mm^ 0?L£^ 'J77> 
XI 5%-CiT*>ife^*:f£> RI^^fSrfflV'TI'Ot'i) 

SiS**iBtc®*^Si£-^# tic J: 19, Tt&lf 

14 * * *1fc £ * « £ t ft < 36 * £ *t* $ & w t 

10 ?SS££ : 8 Okgf/nm 2 &±4>5*9 * - X r 7" * r-£!&?S 

jjmzmmx-zzzt&m.z.z> 0 

[0 0 1 2] e) ttoT, «*ttj&«S[*K#ffcLfc^C 
^frSigBtfM&SiflltCjgfiOAl tSi T, 

*s*t4au*, si*, fzmmmnm&iiz+frizmfi 

[0 0 13] f) JEK, ±|E^:J£tfttU«*t3t«Ktt«t 
20 oXmrniZm-tZZtlzX >9WS14fi.<*5et-Siti-* 
[0 0 14] ±E»A*****»=!E4*W 

Sr. 

C : 0.05 -0.25%, Si : 0.05@- 1.0%, Mn: 
0.8- 2.5%, sol.AI :0.8- 2.5% 

Ca : 0.0002- 0.01%, Zr : 0.01-0.10%, *±«7C^(R 
EM):0.01-0.10%, Nb: 0.005-0.10%, Ti : 0.005- 
30 0.10%, V : 0.005-0.20% 

<r> 1 ttm±Sr t*{^SP^* 5 T=eR^^Tii 

r«:-2,«^t-r4c: nzi-^x. «*Lfc«ixtt (ffitt, 

TC : 0.05-0.25%, Si : 0.05®- 1.0%, M 
n: 0.8- 2.5%, sol.AI : 0.8- 2.5% 

Ca : 0.0002 - 0.01%, Zr : 0.01-0.10%, #±iS7C:*(R 
40 EM):0.01-0. 10%, Nb: 0.005-0.10%, Ti : 0.005- 
0.10%, V : 0.005-0.20% 

«HIIJEeS:fTV», -E-tT. 7 8 0-8 4 0-CT*tt±EEJI 
*f*TLfc|fcx 1 0- 5 0TC/sO*»aK»ir 3 0 0- 
4 5 0tfCtna**PL«S5l**\ *v^i±ft±E5ffi* 
7 8 0-9 4 OttftTLt 1 0 X:/stJl±<0<t*PjS*(: 

T6 o o- 7 o o < c<oi&«j£tfiini£i£ipu ^-wjaa 
*-e 2 - io#K£<£ l r h niz 2 o t;/sti±<7)?^*pii 

50 mzX3 0 0-4 5 0tS-Pfliatffr3JL*fcJR&.r tc 
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5 

it), «re "fls«*r 5 %&±ojs«:*- hi 
^tf#'J3 , t«'7x7'f Fiftoat" £#L/.:3£14& 
tF UTttttf 14 U« it * i$75nl14&?£S5S§73§il£ SrS^L 
TSSii Lf#£ i ■? CLfcjftJ U fc*HR**LTv* 

[0015] mz ^^717^ 

[0 0 16] 

IAMB] ^t-s *SHJUii^TflMg («!«-) <nmft®.& 

a) (*«■) offc^sua 
c. 

ff^#v>*^S^--XT-7-^ FfCiiLtt-^ft 
Sr m L T v > £ 75 s , ■£ O-tm&O. 05% * m T (± o« 

o. 25% * m x. t c * $ t m&&A*u.m i^itt 

75 s JiiDLiMr^7t:*(C7t4£lf'tti*ft-rSo lot, C 
-aWfifiO. 05 - 0. 25% t te*!> tz 0 

[0 0 1 7] Si 
— flSt-, SU±#V rft*7i5^f KO^JlScfc'tEitLTC 

^ h<^ffi£3l^£{1UBt*LTV>&^T*-*-r7- 
^ h*»9£**Jfc*KS*T#»&7n*fc 3*ltv» 
^f&W^^Tti, ±t LT#'J ^^7x7^ h 

T, Si#**7j J 0.05%mTT*^> i:±ffi5*fk^ffl^+ 

a-c3fao»**«»«T&i*. -77, i.o%*iitt 
^rs-^TiBtrfB^ffli-i-s.s&^t&fli-rsii-, 

T, Si#*i(±0.05%*^x_ 2.5%J0TF£>i£Ht5e#> 

[0018] Mn 

K)M$AtftT**4 t*i:«tAntt4:l6l±§ 

•WfcfMI *$&»-*-*<> L75-L, Mn-i-**7) s 0.8%*?» 
•ewmiEf^fflt- J: *»f ?>*tr> -77, 2.5 

% * m x. t^* $ t $m&<?>i%ttiM&-v+fr% * 

^7x5^ t7)*BStti:l7, -to 

--^vM h4"^<7)COjS^75^+7>t 4 
oTt-Xrt'f h^^TEft?-*^- t75 s Ti^v* 0 fife 
oT, MnO-^SJi 0.8- 2.5% t 5e*fco 



(4) #RR*5 - 1 1 2 8 4 6 

6 

[0 0 19] sol.AI 

SitPl«i:7x7^ h*5effc7C*tf*»), tf'J 3*t- ;u 7 
^7-f hO£l££iE&LTCO*^*-*x-7M h-v 

OflUJJJim L«fiffl^T-Si «r?StolLJt»£-J: •? 

fiSc^DSiiL, 7tt£tf14£#tt£^&ffi7c^7M FOt 
i0 *4-«HW1-*f^ffli*LTv^o L^L, AI-£#fijJ*so 
I.Alt LT 0.8%*TEI« tl»IBf^fflUJ:*WaoSliF* 
7j^<btL-f, -77, 2.5%*i8xT^iP$*T<>*Oja 
*aWt*±, ?>tt^ife)&£ffiiILT5£14 • TvKif 

m^it-r nt*?., *i&b^-c-(±so i . ai 8 

- 2.5%t7t*i>7 v -:o 4U, »9:*-.X7"?M h^r^TEL 
T^*$«47l:*5)Uli TsoLAI+SiJ «0#WST 1.0% 

[0 0 2 0] Ca, Zr, %j£g[±gg7Cg| (REM) 

c ti b ofcfritwix t> ftmamm l t<$ wsdx 

(i 2 ttW±<OifetJDrt s & $ ft* Ca<7)*^T(±-?-<7)^ 

*77 ? o.ooo2%*it, z r <Dm^x^t^rco^mm.o^%^ 

«, *±!l7C*<75^T(i^O#*l:^0.01 %*«T* 
* t HrEf^ffl I- i -5,P7rS<7>a*77 s # "5 Jlf, -77, Ca75 s 
0.01%£, Zr77*0.10% : S:, LT#±«7C*^ S 0. 10%^ 

igi'TlrtI7JDX'tx77 s ^ffc1-So t£oT, Ca#*Sl±0. 00 
02-0.01%, Zr^"*l:l±0.01-0. 10%, -?-LT#±«7n 
^*4(i0.01 -0. 10% t ■tfl^ft^tZo 
30 [0 0 2 1] Nb. Ti, JiZTV 

Nb, T\Rzj^vnissfii>y^y^ vm^Rmmt LTW 

HiLS!«OsEiaSi3i«'fb(c*^'5r5c3RT-*»), l-Ofc 
I6'£>f?i-J: •) ltt3Hi2aJA±<75^iD*^$ti-^77 s , ^ 
ti<om& t> 0. 005%*^5T(±§fMO^*73 s # <b 

*l.^v* 0 -77, Nb^TiT(±^-tl.^no.10%*^x.T, i 
tz V co^^-l±0. 20% ^Sittf $ -£T t 0^)*t5 ? ^ 

0.005 - 0.10%, Ti#*S(± 0.005-0.10%, * LTV 
-t-*rat± 0.005-0.20% t^n^*t^<6^o 
40 [0 0 2 2] SI + tC^SW^SA-t-* r^oTii 

**M&J tLTliP, S, Cu, Ni, Cr, Mo^^Jf «b*t 
Wx-lfP, S Kov*Tl±m**tt£-eO"£:#*«: JflL 
T<0 J: -7 Izj&ffl-f&CDtfgLi Lv> 0 
P. 

<7>^fil±0.05%mTK»x£<Otf*33: Lv^*, =r 
t;u7x7^f l-iMi:^-7>t$-tl:i7 ko«jS*»c>tt 
0.010%^Tti-^>I t77*J: *)«Ft L</*o 
_S 

50 S liifcft»*7>tt» * L Tifflltt * fiT $ * 4 
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7 

-f-O-f*l:{±0.05%mT^Wlx*<0 
**3iLv»**. -«fc«ftfcaiItt*««LJ:-7 
0.003%&T t-fZ Z tff£ *)ffri L^o 

[0023] fcc%-c, ±«*>*n§«#a»soaui, es 

t'JA K*. * * y 7 h'9H, -t?** K«IXt* * * KM 
[0 0 2 4] B) ^5S««<OS3t*ft 70 

0-8 4 or-eft±BEE*»7Lfca, 10-5 0*0/8 

<0i^*pjiSK{c-r3 0 0-4 5 or*T*naJfrSiL**«i 

4 Z t \Z X o TSSit-r * - t 3» ? pI^T-* -So 
[0 0 2 5] EP*>, ilM-tAeijftJtt±t=lin»-r*ii:»: 

t#fi4o 4*. iM^Uif Ai" 4SS/t(4, i*itf£<0 20 
[0 0 2 6] 7 8 0-8 4 0fCft±E8t*7 

-xtt'f ^co^JPIi!^b^^^-s^±•T^ , ; ^t*7 17 

HO^ftSrlEitf *w t**T*4 0T, ft±ES1*t= 

1 o~5 o'c/s^^igjs-ciDja^-r-sratc+^-^a 

Otf'J ^t^7x7-f h £tjn£Z*£Z>Z ttfXZ 4„ & 

*9W h* s 4SL,TilI7x7^f ht£4rci6, ffifSM 30 
«OSnXtt^ltLTLido tt-LiSj*ri*8 4 0 

oT-f'J3 , t^7i5'f hrtH-frt-^fiK-tir-f, WM*~ 

[0 0 2 7] -eLT, ft±JEKI*0»^iaft** 1 Ot/s 

h3W»9L4v», — K^*pa«^5 0t7s£i@x4 

rt'f ha«5*9Lfcv\, 
[0 0 2 8] ^iSJSrtU 5 Ot?:fix.Jt^- 40 

3 o ot*Tii*ii*ire*:«io**T7 fc, 

[0029] tz*>x\ *%wizmt>z>mMttm&&m 
*fr*Acsjftj3utKim*&«#«, «mirai*ffv», 7 8 

0-94 OtfttlE^^^T LT^<b 1 0 t:/sJ-J.XcO 

i£*Pj$«(CT6 0 0-7 0 0 < COiaJS«ST-tlD^<tiP 

L> -?"<7)SKitT* 2 - 1 OtMlffiJfrLfca, Ii:2 0t 50 



#^¥5 - 1 1 2 8 4 6 

5 

/s^±<0^*PSSt-T 300-450*03: T-*PiSJ$-*P L 

m £ Jfc4 c: d i o r *> Sit-r 4 c t t5 ? t- # 4 „ 

[0 0 3 0] EP*>, 7 8 0 - 9 4 0 "CTtt-LffiSSri&T 

tf*, 6 0 0 - 7 0 0roi&j$i££T*njSi$*PL-€- 

<7>ia«i^{-T2 - 1 0#ffl£<£1--&i:, rf^;U7 jl 

Zt&X'&Zo Z<Dm&. ^iaSl*75 { 6 0 0°C*?8T- 
* o ^i*B#Pfl * ? 2 #*p-C* 4 t # >J =f-*-/l< 7i7 

-f h <o±m^+»x-i> •> , 3*11****7 o o 

"C *±ISo fc "9 a»«FW** 1 0 0 +4 t /*- 

7>f h^tSLTt-^rt-f hi««9L4<4;i. 

[0031] fci>\ tt±EMf^i; i o r/sti±<o*aia 

T2 - 1 0#C0^B#ffi^fit^-T4^i6T-*4o ifc, 

4 h <r>£.m.*wm-t 4 tz*>\,z&&tzfrb -e&4 0 

[0 0 3 2] *Wffl«fCOV»rJ4, «rfS8USO« 

•£-i:|Bj#, 4 5 0tS'iix.5i:^-7O*«ML, * 
-^7^7"^ h J&H-#K5£@-£-f, 3 0 Ot^Tlsl 

4iaK^T^ij Srfifd vn-fvt'f K04S« 
it * ft T5£14 i: ^*£(f &&£ft? 4 „ 

[0 0 3 3] 

[%^o^*] s t, zmmmmi> c-t- 

**tJ ? 0. 05 - 0. 25% T* 4 fc* * t L 
T5?*StL4 U^^cO^te^^-fgL, H(CTRIP$r 
fUffli-4(C+7>^*<0*-^x±^ h^^"*1-4o Lrt> 
fc, Al, Si<0-g-*4W^{CJ:oTSi?^JtlP^@ + -^-r-7 v 

tofe"**, ^S^-^t--?-^ h* s #ttLTV>T?l?g?^$(T 
S) • #O f (EI)/^>^* t A»T, Lfri>ftmm(D&ix 

fzmmmm*9km.-t2>zttfX'&z 0 *$mm®. 

x. *ffiM3S*« Z % 4 ^ t jJ*T- § 4 o 
[0 0 3 4] WL^X. *»WO»***J6«HcJ:oTM 
(c*^W(cUiW1-4o 

[Hifi^J] * 2 (C/F-fft^^TJ-aiScoSi A75S S c> * 

W^iPTlO-^^t) L, 4aV:2.3mOjKSM««:W^. 

L, «t*WttK*W*L^o ±fc, 2.3mJPx 1 

2 Ommiligxi 2 OmmK<7)S3«^>t(: 1 4mm^<0?L5r^ 
'J77>x: 15%T-ft-*>tt^, IK«)i:oiRI.f> 
■?-*fflv»-c^:l£tftt*P*Lfc. II:, ii«**SB«t») 

PSfcHiftLfeo i*t<bO^***3 75M*4 (Cfif-e-T 

7K"f o 



-5- 



(6) t&mW- 5- 1 1 2 8 4 6 

9 10 
[0 0 3 5] [SE2] 







* * * » <SS9fD 


i 


i 


c 


Si 


Mn 


sol. Al 


Ca 


2r 


REM 


Kb 


Ti 


V 




A 


0. 18 


0.35 


L 60 


1.42 
















B 


0. 08 


0. 53 


2.25 


0. 96 
















C 


0. 21 


0. 26 
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